The Extramacrochaetae (emc) gene encodes a transcription factor with an HLH domain without the basic region involved in interaction with DNA present in other proteins that have this domain. EMC forms heterodimers with bHLH proteins preventing their binding to DNA, acting as a negative regulator. The function of emc is required in many developmental processes during the development of Drosophila, including wing morphogenesis. Mitotic recombination clones of both null and gain-of-function alleles of emc, indicate that during wing morphogenesis, emc participates in cell proliferation within the intervein regions (vein patterning), as well as in vein differentiation. The study of relationships between emc and different genes involved in wing development reveal strong genetic interactions with genes of the Ras signalling pathway (torpedo, vein, veinlet and Gap), blistered, plexus and net, in both adult wing phenotypes and cell behaviour in genetic mosaics. These interactions are also analyzed as variations of emc expression patterns in mutant backgrounds for these genes. In addition, cell proliferation behaviour of emc mutant cells varies depending on the mutant background. The results show that genes of the Ras signalling pathway are co-operatively involved in the activity of emc during cell proliferation, and later antagonistically during cell differentiation, repressing EMC expression.
Introduction
How the genetic information within cells determines the size and shape of supracellular structures is a standing problem of morphogenesis. The wing of Drosophila melanogaster is one of the model systems for the analysis of morphogenesis. The adult wing derives from a group of cells specified as such in early embryogenesis, that become segregated from the surrounding larval cells and form the imaginal wing disc (Bate and Martínez-Arias, 1991; Cohen et al., 1993) . The imaginal discs proliferate during the larval stages and their cells differentiate the adult cuticular structures at metamorphosis (García-Bellido and Merriam, 1971; Madhavan and Schneidermann, 1977) . During cell proliferation the imaginal disc becomes subdivided by clonal restrictions first into compartments (García-Bellido et al., 1973; García-Bellido et al., 1976) , and later into vein sectors (González-Gaitán et al., 1994) . The adult wings of Drosophila melanogaster have a stereotyped pattern of five longitudinal and two transverse veins. Veins are formed by stripes of a few cells in width, in both dorsal and ventral wing surfaces which appear more compacted and have a higher pigmentation than the intervein cells. Veins subdivide the wing into five intervein regions or sectors. Normal longitudinal veins are associated with clonal restrictions, suggesting that their topological definition and differentiation are the consequence of ordered cell proliferation of the imaginal wing discs (González-Gaitán et al., 1994; Milán et al., 1996) .
The pattern of veins and the size of the wing appear affected by a large group of mutations (García-Bellido and de Celis, 1992) . Some of them are in genes encoding components of signal transduction pathways. The Ras signalling pathway (Raf, MEK and MAPK) is one of them. In the wing, this pathway is activated through torpedo (top), the Drosophila epidermal growth factor receptor (DER) (Price et al., 1989; Perrimon and Perkins, 1997) . Mitotic recombination clones of loss-of-function (LOF) alleles of member genes of this pathway show the absence of veins and the reduction in the size of the mosaic regions (Díaz-Benjumea and García-Bellido, 1990a; Díaz-Benjumea and Hafen, 1994) . Conversely, mutations that cause an increase in the activity of that pathway result in the appearance of ectopic veins and vein plexates (Díaz-Benjumea and García-Bellido, 1990a; Brunner et al., 1994) . The active state of the Ras pathway during imaginal wing disc development, have recently been monitored with a monoclonal antibody that recognizes a doubly phosphorylated form of the mitogen-activated protein kinase (MAP kinase) (Gabay et al., 1997) . This pathway is actived in the third larval instar in the presumptive vein stripes (Gabay et al., 1997) . The expression of an activated form of Ras during the wing development is sufficient to drive extra cell proliferation (Karim and Rubin, 1998) . These results suggest that the genes of the Ras pathway are involved in both processes, cell proliferation and vein patterning.
Related to the Ras pathway are other genes; among others the genes veinlet (ve) (encoding a putative transmembrane protein (Bier et al., 1990) ) and vein (vn) (encoding a neuregulin secreted protein ), as regulators of top signalling (Sturtevant et al., 1993; Schnepp et al., 1996; Simcox et al., 1996) . Among the genes known to be expressed in the presumptive veins, ve is the earliest one (Sturtevant et al., 1993; Sturtevant et al., 1997) . Mutant clones of LOF alleles of ve prevent vein differentiation, but do not affect cell proliferation (Díaz-Benjumea et al., 1989; García-Bellido et al., 1994) . Conversely, the ectopic expression of ve induces extra vein differentiation without associated extra proliferation (Sturtevant et al., 1993) . It has been suggested that the VEINLET protein collaborates in the activation of the Ras signalling pathway through top (Sturtevant et al., 1993) . Contrarily, genetic mosaics of LOF alleles of vein reduce the mutant region, but do not affect vein differentiation . It has been proposed that vn is a ligand of the tyrosine kinase receptor top Simcox et al., 1996) .
Mutations in other genes cause the appearance of ectopic veins (Díaz-Benjumea and García-Bellido, 1990b) , such as plexus (px) (molecular nature unknown), net (net), (encoding a bHLH transcription factor; Brentrup et al., 1996) and blistered (bs), (homologue of the mammalian serum response factor (SRF); Montagne et al., 1996) . The clonal behaviour of bs mutant cells suggests that this gene is involved in intervein cell differentiation, but not in cell proliferation (Roch et al., 1998) .
The emc gene is also required during wing morphogenesis. This gene encodes a transcription factor belonging to a family of genes with an HLH domain. The EMC protein does not have the basic region which is involved in interaction with DNA (Ellis et al., 1990; Garrell and Modolell, 1990) . During the development of the peripheral nervous system (PNS), EMC works as a negative regulator of the genes of the Achaetae-Scute complex, which encode for the bHLH domain and operate as transcription factors (Van Doren et al., 1991; Van Doren et al., 1992; Cubas and Modolell, 1992) . In the wing, mitotic recombination clones of emc null alleles are cell lethal (García-Alonso and García-Bellido, 1988), but clones of weaker LOF alleles cause failure of intervein regions to grow, resulting in fusion of adjacent veins. Usually, these clones also differentiate ectopic veins (García-Alonso and García-Bellido, 1988; de Celis et al., 1995) . These results suggest that the emc function is required for both proliferation of the intervein cells and intervein cell differentiation (de Celis et al., 1995) .
In this work we have analyzed the genetic relationships between emc and the genes mentioned above involved in wing development. We have studied, in addition, the emc expression pattern in mutant backgrounds, in different stages, for genes that interact genetically with emc. The results presented suggest that emc function is required during the development of the imaginal wing discs in both cell proliferation and cell differentiation processes. During cell proliferation, the Ras signalling pathway seems to co-operatively interact with emc. Later, in differentiation the function of emc, together with bs, net and px would be required to prevent intervein cells from differentiating as vein, acting antagonistically to genes of the Ras signalling pathway. The Ras signalling pathway would be involved in maintaining low levels of emc expression during vein pattern differentiation in cells that would differentiate as vein.
Results

Genetic interactions
In order to establish the possible functional relationship between emc and genes involved in the wing development, we first analyzed, in adult flies, mutant combinations of emc weak heteroallelic combinations with different mutations affecting wing morphogenesis (Table 1) . We have used the hypomorphic alleles emc 1 and emc pel , and the gain-offunction (GOF) allele emc Ach . The heteroallelic combination of the LOF alleles of emc does not affect wing vein patterning, however the wings of these individuals are slightly smaller than normal wings ( Table 2 ). The emc Ach homozygous mutants lack the distal region of the vein L5, and as in the combination of the LOF alleles, the wings are between 7 and 15% smaller than control wings (Fig. 1, Table 2 ). We consider significant variations in wing sizes above 10%; smaller differences are not significant.
Strong, superadditive phenotypes were found in combinations of emc and mutations in the genes top and vn of the Ras pathway (Table 1) . Thus, in heteroallelic combination with LOF alleles of emc, the lack of vein L4 phenotype of top and of vn hypomorphic mutant flies is suppressed (Fig.  1D ,E,G,H). Contrarily, homozygosis for emc Ach enhances the phenotype of lack of veins for these mutant combinations (Fig. 1F,I ). The interaction between emc and alleles of ve, is solely additive ( (Table 2) . Surprisingly, the interaction between the LOF alleles of emc and hypomorphic alleles of top and vn produces the same effect on reduction of the wing size as the interaction between emc Ach and mutations in these genes. Thus, the vn ddd3 /vn wings are 15-27% smaller than the control wings, and in combinations with the LOF and GOF alleles of emc the wings appear 27-35 and 21-29% smaller than the wild type wings, respectively (Table 2), suggesting that associated with the GOF activity, emc Ach may have a LOF component.
We also have analyzed the interactions between emc and genetic combinations corresponding to a hyperactivation of the Ras pathway ( Table 1 ). To that end, we have used a GOF allele of top (top ElpB1 ) and the Hs-ve construct. The latter shows an extra vein phenotype, due to a constitutive expression of ve, even without heat-shock treatment (Sturtevant et al., 1993) . The LOF alleles of emc slightly enhance the phenotype of ectopic vein tissue of these mutants, whereas homozygosis for emc Ach suppresses this phenotype (Fig.  2J ,K,L (Hs-ve data not shown)). These results indicate that we can distinguish two aspects of the interaction between emc and the genes of the Ras pathway: one in proliferation, where the relationship between emc and the genes of the Ras pathway would be co-operative, and another in vein differentiation, where the relationship between them would be antagonistic.
The interactions between emc and members of the Ras signalling pathway, as well as the mutant phenotype of emc mutant cells in mitotic recombination clones, suggest that emc is involved in intervein cell differentiation. In order to explore possible functional relationships between emc and genes seeming to be involved in intervein cell differentiation, we have analyzed interactions between emc and net, px and bs (Brentrup et al., 1996; Montagne et al., 1996; Roch et al., 1998) . Moreover, the latter genes are known to have genetic interactions with members of the Ras signalling pathway (Díaz-Benjumea and García-Bellido, 1990a; Roch et al., 1998) . Thus, we expect that the analysis of the interactions between emc and net, px and bs will help us to establish a networks of relationship that occur during wing development. The mutant phenotypes of net, px and bs mutant alleles consist of extra longitudinal veins and extra veins in plexate differentiation ((Díaz-Benjumea and García-Bellido, 1990b) ( Fig. 2A,D,G) ). (Fig. 2E,I ), suggesting a close functional relationship between these genes. The extra vein phenotype of these mutants is suppressed in combinations with the GOF allele emc Ach (Table 1 , Fig. 2C,F) . However, we do not find variations in wing sizes of these mutant combinations, compared with wild type controls. These results suggest that these genes (net, px and bs) interact co-operatively with emc during intervein cell differentiation preventing vein differentiation.
The observed interactions between emc alleles and the different hypomorphic alleles of the genes studied in adult flies, suggest the existence of functional relationships which will be analyzed in more extreme, lethal combinations in genetic mosaics.
Genetic mosaics
Genetic combinations of strong alleles of emc and genes with which we had observed synergistic interaction in genetic interaction analyses, were studied in mitotic recom- Table 1 Genetic interaction between emc and genes involved in wing morphogenesis have grown to fill a whole compartment (anterior or posterior) in both surfaces, dorsal and ventral (Fig. 3C,F) , something never observed in wild type wings whose discs were of the same age at irradiation. (Fig. 3 H,I ), suggesting that bs and emc act co-operatively preventing vein differentiation. In order to analyze if this vein differentiation is a consequence of down regulation of bs expression by emc, we have studied the expression of bs (using bs P1292 (experimental procedures) (Roch et al., 1998) Table 3 , experiments 5 and 2). We find that the borders of the emc 1 M + clones respect not only the normal veins as restriction borders, but also tend not to cross the ectopic veins (24% of the clones analyzed have one of their boundaries adjacent to an ectopic vein and these clones never cross the ectopic veins, the rest of the clones are in regions without ectopic veins) (Fig. 3D) . The emc 1 M + clones frequently fill out small intervein regions defined by normal and ectopic veins (Fig. 3D,G 
Behaviour of emc
Double mutant combinations of emc and genes of the Ras pathway in clones
Mutant clones of ve fail to differentiate as vein in vein regions, but these mutant cells proliferate normally . Contrarily, mutant clones of vn do not affect cell differentiation but the mutant region covered by vn clones is reduced in size . We failed to find differences in the shape, size and distribution of the emc 1 M + clones in wild type wings ( (Fig. 4 , compare G with B, and H with C).
The same chromosome arm location allows us to study triple mutant emc 1 ve vn ddd3 M + clones (Table 3 , experiment 8). The mutant clones of ve vn ddd3 autonomously lack vein differentiation, and cause the reduction in size of the mutant wing region . In the triple mutant clones the veins differentiate normally, except for the most distal part, which fails to differentiate into vein (Fig. 4E) . However, the ectopic veins seen in emc 1 M + do not appear in these clones. Thus, the LOF of emc in these triple clones rescues the lack of vein phenotype of ve vn ddd3 clones.
We have also analyzed the interactions of emc 1 and GOF alleles of the Ras pathway in double mutant clones (Table  3 , experiments 9 and 10). The LOF allele of the Gap1 gene (a gene encoding for a GTPase-activation protein, whose function is necessary for the hydrolysis of the GTP bound to Ras1), corresponds to a hyperactivation of the Ras pathway (Gaul et al., 1992) . As a GOF allele of the ve gene, we have used the heat shock construct Hs-ve (Hs-rho27B) (which maps to 3L) with a dominant phenotype of ectopic veins (Sturtevant et al., 1993 Fig. 4 (control clones A and C with mutant clones D and F, respectively), but correspond to a constant phenotype that can be ascertained in a plot of clones (data not shown). We obtained the same result in the interaction between emc and Argos, a putative repressor of top (data not shown) (Freeman et al., 1992) This lack of effect in double mutant clones with LOF or GOF alleles of genes of the Ras pathway indicates that emc is epistatic to the function of these genes.
emc expression patterns in wing imaginal discs
In order to determine whether the superadditive phenotypes found in genetic combinations of emc and other genes studied are due to the transcriptional regulation of emc, we studied the emc expression patterns in wings of different mutants.
Third instar imaginal wing discs
emc mRNA in the wing pouch appears mostly accumulated in a stripe of cells that form the dorso/ventral boundary, and in a wide stripe of cells straddling the A/P border, in both dorsal and ventral compartments (de Celis et al., 1995) .
However, the EMC protein appears throughout the wing pouch, except in two bands of cells flanking the dorso/ventral boundary. The maximal expression of EMC is observed in the same places where emc mRNA levels are maximal (Fig. 5) . We observed that the stripes of cells immediately adjacent to both sides of the band of cells with high levels of EMC in the A/P border, have lower EMC levels than the rest of the cells in the wing pouch (Fig. 5) . These stripes of cells seem to correspond to the veins 3 and 4, as is suggested by the fact that in double discs stained for EMC and DELTA (which is expressed in high levels in all veins) these stripes of cells express high levels of DELTA (data not shown).
We analyzed the emc mRNA expression pattern in third instar imaginal wing discs, in ve vn, net, px 72 and Hsrho27B/Hs-rho30A mutant backgrounds, which show genetic interactions with emc. In all of them the emc mRNA expression pattern is identical to the emc expression in wild type imaginal wing discs (data not shown).
The strong genetic interactions between emc and members of the Ras pathway, led us to study the question of whether this pathway is involved in the transcriptional regulation of emc. We studied the EMC expression pattern in mutant recombination clones for a null allele of D-raf, marked as patches of tissue devoid of GFP expression, using the FRT/FLP system (experimental procedures). We observe that D-raf mutant cells express high levels of EMC in regions void of EMC (in the dorso/ventral border) and in the stripes of cells with low EMC levels, adjacent to the A/P band of high levels of EMC (Fig. 5A,B) . Removal of D-raf results in a loss of vein differentiation in adult wings. These results suggest that the Ras signalling pathway in third instar imaginal wing discs, contribute to maintain low levels of EMC expression at least in some positions in the wing, indicating that EMC expression in this stage is related to the process of vein intervein discrimination.
Pupal imaginal wing discs
In order to analyze whether the regulation of EMC through the Ras signalling pathway is maintained during pupal development, we have analysed the emc expression pattern in pupal wings of the strain emc P5c (which includes a Plac-Z insertion within the emc gene that reproduces the same pattern of expression as the EMC protein) at 24-30 h after puparium formation (APF) where dominant negative or activated forms of members of the Ras pathway are ectopically expressed, using the UAS/GAL4 system (Brand and Perrimon, 1993) . In addition, we have studied the emc mRNA expression pattern in ve vn mutant pupal wings. In ve vn pupal wings, emc is expressed throughout the wing blade (data not shown). The overexpression of UASKMRaf3.1 (dominant negative form of Raf) under the control of c-719 line, prevents vein differentiation; the adult wing of this mutant condition lacks most veins (Fig. 5E) . In pupal wing, of c-719 GAL4; UAS-KMRaf3.1, emc is ectopically expressed in vein territories where the veins do not differentiate (Fig. 5, compare F with D) . We obtained the same result using the MS-1096 GAL4 line (data not shown). Conversely, the overexpression of vn or ve genes under the control of MS-1096 and c-719 GAL4, cause the ectopic differentiation of veins (Fig. 5) . In pupal wings with overexpression of vn, we found that emc expression is absent in the regions that differentiate as ectopic vein tissue in adult wings (Fig. 5H) .
We conclude from these observations, that insufficient activity of the Ras pathway leads to an increase in emc expression (EMC protein) in the vein regions, whereas augmented activity of Ras signalling, directly or indirectly down regulates emc.
Discussion
Clonal analysis of emc mutant cells in M + mosaics has revealed that emc is required in two developmental processes during wing disc development: cell proliferation and vein differentiation (de Celis et al., 1995) . In this work we have analyzed emc interactions with genes affecting these processes in wing morphogenesis.
The emc 1 M + clones reveal developmental properties of ve vn and px mutant discs
We have observed that emc clones in ve vn wings (a combination that causes smaller than normal wings and absence of veins (Díaz-Benjumea and García-Bellido, 1990b; García-Bellido et al., 1994) ) have sizes larger than wild type wings; in fact there are emc clones which can totally fill out an anterior or posterior compartment in both surfaces. This result suggests that in ve vn wings the emc clones do not find the clonal restrictions associated with veins that subdivide the wild type wings into sectors. Conversely, the average size of the emc mutant clones in px 72 wings (these mutants wings have ectopic veins and the wing size is larger than the wild type (Díaz-Benjumea and García-Bellido, 1990b)) is smaller than in wild type wings. We have found that in px 72 wings, ectopic veins are also associated with clonal restrictions. Thus, the emc 1 M + clones not only respect the normal veins, but also the ectopic veins which constitute restriction borders. Consequently, emc cell behaviour depends on the underlying proliferation processes leading to the venation pattern, modified in mutant wings. A model presented elsewhere (the Entelechia model; García-Bellido and García-Bellido, 1998) proposes that the growing wing disc can be visualized as a landscape of positional values with maximal ones along veins (peaks, associated with restriction borders), and minimal ones (valleys) in the middle of intervein regions. This landscape of positional values would develop into increasing amplitudes of peaks and valleys during cell proliferation of the imaginal wing discs. Cell division in the anlage would proceed intercalating positional values, until the cells along the restriction borders reach maximal values and the difference in positional values between neighbouring cells along the slope is below a certain threshold. The veins would later appear along the peaks. Thus, the genes that affect the height of positional values could affect the size of the wing and the vein pattern. It has been proposed that vn and ve genes are involved in the generation of amplitude or height of the peaks . Thus, in ve vn wings the amplitude would be smaller than in wild type wings and, as a consequence, intercalar growth would be lesser, leading to wings smaller than normal wings 
emc has a positive interaction with genes of the Ras pathway during wing disc cell proliferation
We propose that there are two different processes in which emc and the genes of the Ras pathway interact; during cell proliferation and during cell differentiation.
In wing morphogenesis, the Ras signalling cascade is necessary for both cell proliferation and vein differentiation. Clones of cells mutant for different members of this pathway reduce the mosaic area, as well as cell autonomously preventing vein differentiation in the mutant territories (Díaz-Benjumea and García-Bellido, 1990a; Díaz-Benjumea and Hafen, 1994; García-Bellido et al., 1994; Gabay et al., 1997) . The wings of mutant combinations of emc and genes of the Ras pathway are smaller (in number of cells) than normal wings in both combinations (LOF and GOF alleles of emc with the LOF alleles of the Ras pathway), suggesting a co-operative relationship between emc and members of this pathway in cell proliferation.
We have found surprisingly that the wing reduction phenotype is the same in interactions with emc LOF, and emc Ach GOF alleles. The latter allele is associated with the insertion of a transposable element in the open reading frame of the gene, possibly truncating part of the EMC protein (Garrell and Modolell, 1990) . Therefore, associated with the GOF activity of this allele, the LOF component may be the overriding one in the process of cell proliferation.
emc and genes of the Ras pathway act antagonistically during vein differentiation
Clones of emc LOF alleles occasionally differentiate ectopic veins, suggesting that emc is involved in the process of vein differentiation (de Celis et al., 1995) . However, the fact that the emc mutant cells do not differentiate as vein everywhere in the wing, indicates that low levels of emc function are not sufficient for triggering vein differentiation, other genes possibly also being necessary for final vein differentiation.
We have observed in mutant combinations, that the mutant vein phenotype of LOF alleles of genes of the Ras pathway is suppressed in interactions with the LOF alleles of emc and enhanced with the GOF allele emc Ach . Reciprocally, the extraveins mutant phenotype of the GOF alleles of genes of the Ras pathway, is increased in interaction with LOF alleles of emc and reduced with GOF allele emc Ach , indicating an antagonistic relationship between emc and the Ras pathway in vein differentiation. (Gabay et al., 1997) . The observed antagonistic relationships between emc and the Ras pathway in vein differentiation is in agreement with the results obtained when we studied the emc expression pattern in pupal wing mutant for genes of the Ras pathway. In mutant wings of LOF alleles of this pathway that lack most of the veins, emc is overexpressed throughout the wing. Contrarily, when the Ras pathway genes are overexpressed causing extra vein differentiation, emc is mostly repressed throughout the wing. Genetic interactions have also shown synergistic mutant effects on venation between emc and px and net. Furthermore, emc expression, which is absent in normal veins, also disappears in pupal extraveins caused by px and net. Given the molecular nature of net (encoding a protein with a bHLH domain), the co-operative behaviour with emc could reflect direct molecular interactions. Similarly, we have found genetic interactions and changes in expression pattern of emc with bs mutants. bs on the other hand causes strong phenotypic interactions with mutant of the Ras pathway. Thus, we propose that emc, bs, px, net and the Ras signalling pathway set of genes are intimately related in vein/intervein patterning and differentiation (Fig. 6) .
As seen above and in previous papers (de Celis et al., 1995) emc, the genes of the Ras pathway, and bs (Roch et al., 1998 ) also interact during cell proliferation. We envisage these interactions in cell proliferation (morphogenesis and patterning) and cell differentiation (vein/intervein histotype) as aspects of the same process, in which the generation of positional values through intercalar growth leads to the final cell differentiation of vein histotype in regions with the highest positional values, generated during the cell proliferation period.
Experimental procedures
Genetic strains
The following alleles were used: at the vein locus, the LOF alleles vn 1 or vn (Lindsley and Zimm, 1992) and the lethal vn ddd3 allele (also known as vn RG436 , García-Bellido et al., 1994) ; at the ve locus (also known as rhomboid (rho)), ve 1 or ve and the embryonic lethal ve M3 (Díaz-Benjumea and García-Bellido, 1990b) LOF alleles and the Hs-rho27B (weak) and Hs-rho30A (strong) transformant line as a source of ectopic ve (Sturtevant et al., 1993) ; at the top locus, the LOF alleles top 1 and top 4A , the latter embryonic lethal (Díaz-Benjumea and García-Bellido, 1990a) , and the GOF allele top ElpB1 (Baker and Rubin, 1992) ; at the px locus the hypomorphic allele px 72 (García-Bellido, 1977; Lindsley and Zimm, 1992) : at the net locus, the viable hypomorphic allele net 1 or net (Lindsley and Zimm, 1992) ; at the bs locus, the LOF allele bs 2 (Lindsley and Zimm, 1992) , and bs
P1292
(Lac-Z, rosy + insertion) 1(2) 03267 (Roch et al., 1998) ; at the Gap1 locus, the loss-of-functions alleles Gap1 B1 (Gaul et al., 1992) ; at the Argos locus, the LOF allele Aos 1A7 (Freeman et al., 1992) ; at the emc locus, the LOF alleles emc 1 and emc pel (Garrell and Modolell, 1990) , the emc P5c a LOF allele generated by the insertion of a PLaz element in the emc gene (Garrell and Modolell, 1990 ) and the GOF allele emc Ach (Garrell and Modolell, 1990) .
GAL4 and UAS lines
To study overexpression of different genes we have used the UAS-GAL4 system (Brand and Perrimon, 1993) .
The GAL4 lines used were: MS-1096 and c-719 both homozygous viable. (Capdevila and Guerrero, 1994) . MS-1096 GAL4 expression starts at early third instar stages on the dorsal wing pouch and expands later to the ventral surface. The c-719 GAL4 expression is throughout the wing pouch.
The UAS lines used are: UAS-vn 1 ; and UAS-KMRaf3.1(DNraf) (Roch et al., 1998) .
Mosaic analysis
Mitotic recombination was induced by X-rays at a dose of 1000 R (1 R = 0.285 mC/kg)) in a Phillips model M6-15/ Be, 100 kV and 15 mA, 2-mm aluminium filter at 20 cm focus-object distance. Irradiated larvae were aged at 24 h intervals after egg laying (AEL). We studied clones initiated during 48-72 h AEL and 72-96 h AEL.
As mutant cell markers for clonal analyses we used the forked (f) allele f 36a and the multiple wing hairs (mwh) allele mwh 1 . M + clones were scored in individuals of different genotypes (described in 
Size reduction of mutant wing combinations and mosaic regions
Wings were mounted in lactic acid-ethanol (1:1) and scored under the light microscope. For the analysis of mosaics, pairs of wings of the same individual were used to make morphometric comparisons. Average sizes of wings Fig. 6 . The function of emc, net, px and bs during cell differentiation is involved in preventing cell vein differentiation, acting antagonistically to the genes of the Ras pathway whose function is promoting vein cell differentiation, acting over genes that drive vein cell differentiation (X). and mosaics were estimated in at least 10-15 wings or clones studied for every mutant combination. Trichome densities and the number of cells in the mosaic area or wings were scored in photographic reproductions of wings using the program IMAGE 1. 44 (obtained from W. Rasband, NIH, Bethesda, MD).
In situ hybridization and immunocytochemistry
In situ hybridization with digoxigenin-labelled DNA probes in imaginal discs were performed as described previously for both imaginal discs (Cubas et al., 1991) and pupal wings (Sturtevant et al., 1993) . Rabbit (Cappel) anti-(galactosidase and anti-emc (rabbit) detection and Xgal were done according to Cubas et al. (1991) Montagne et al. (1996) .
